Mechanism of cholesterol transfer from the Niemann-Pick type C2 protein to model membranes supports a role in lysosomal cholesterol transport.
Cells acquire cholesterol either by de novo synthesis in the endoplasmic reticulum or by internalization of cholesterol-containing lipoproteins, particularly low density lipoprotein (LDL), via receptor-mediated endocytosis. The inherited disorder Niemann-Pick type C (NPC), in which abnormal LDL-cholesterol trafficking from the endo/lysosomal compartment leads to substantial cholesterol and glycolipid accumulation in lysosomes, is caused by defects in either of two genes that encode for proteins designated as NPC1 and NPC2. NPC2 is a small intralysosomal protein that has been characterized biochemically as a cholesterol binding protein. We determined the rate and mechanism by which NPC2 delivers cholesterol to model phospholipid membranes. A fluorescence dequenching assay was used to monitor the kinetics of cholesterol transfer from the protein to membranes. The endogenous tryptophan fluorescence of the NPC2 was quenched upon binding of cholesterol, and the subsequent addition of acceptor vesicles resulted in dequenching of the tryptophan signal, enabling the monitoring of cholesterol transfer to membranes. The rates of cholesterol transfer were evaluated as a function of acceptor vesicle concentration, acceptor vesicle phospholipid headgroup composition, and aqueous phase properties. The results suggest that NPC2 rapidly transports cholesterol to phospholipid vesicles via a collisional mechanism which involves a direct interaction with the acceptor membrane. Transfer of cholesterol to membranes is faster in an acidic environment and is greatly enhanced by the presence of the unique lysosomal/late endosomal phospholipid lyso-bisphosphatidic acid (LBPA) (also known as bismonoacylglycerol phosphate). Finally, we found that the rate of transfer of cholesterol from vesicles to NPC2 was dramatically increased by the presence of lyso-bisphosphatidic acid in the donor vesicles. These results support a role for the NPC2 protein in the egress of LDL derived cholesterol out of the endosomal/lysosomal compartment.